We used recombinant rat dectin-1 proteins to newly establish sandwich ELISA for determining barleyglucan (BG). The ELISA method had a working range of 15-4,000 g/L. Plasma BG was detectable up to 24 h after an intravenous administration of BG (1 mg/kg of body weight) to rats. This method may be an effective tool for investigating the immune modulatory effects of BG.
Cereal -glucan is a soluble dietary fiber with high viscosity 1) and has received keen attention due to its potential to improve carbohydrate and lipid metabolism. Many studies have shown that ingesting cereal -glucan and whole grains attenuated the postprandial glycemic response and secretion of insulin, and also lowered the serum cholesterol level 2, 3) due to the viscous property of -glucan that led to delayed gastric emptying and diffusion rate of luminal nutrients. 4) Ingestion of cereal -glucan has also been shown in animal studies to modulate the immune function. 5, 6) Mice given oat -glucan (0.6 g/L) in drinking water for 10 d have shown an increase in the cytotoxicity of peritoneal macrophages. 5) Hong et al. 7) have shown that when fluorescein-labeled barley -glucan (BG, 400 mg/d) was orally administered for 10 d, BG could be detected in the spleen, mesenteric lymph nodes, and bone marrow, indicating an incorporation of cerealglucan from the intestines. These effects indicate that measuring cereal -glucan in the blood and detecting the localization of cereal -glucan in the intestinal tissues are important to get more insight into the immune modulating effects of orally administrated cerealglucan.
The plasma concentrations of -glucans derived from fungi and seaweed have been measured by using a commercial assay kit based on the reaction of limulus amoebocyte lysate factor G with -glucan.
8) An alternative method using recombinant mouse dectin-1, aglucan receptor expressed on immune cells, has been shown to be a useful tool for measuring the -glucan concentration. 9, 10) Recombinant dectin-1 has another merit of being applied to histological staining. We prepared in the present study two types of recombinant rat dectin-1 proteins and measured the concentration of BG in the plasma by sandwich ELISA using the recombinant proteins. To the best of our knowledge, this is the first study to report the binding property of BG to rat dectin-1 and the direct measurement of BG in the plasma. We constructed two plasmids to express the extracellular domain (amino acid residues 59-235) of rat dectin-1. The cDNA was amplified by the polymerase chain reaction, using a cDNA pool of rat peritoneal macrophages. The Bgl II restriction site was attached to both the sense and antisense primers, and amplified cDNA was cloned into pfuse-rFc (Invivogen, San Diego, CA, USA) to obtain dectin-1 with rabbit IgG Fc (DECFc). To express dectin-1 with the V5 and His tag (DECV5His), the Bgl II and Xba I restriction sites were respectively attached to the sense and antisense primer, and amplified cDNA was cloned into pMTBip-V5HisA (Invitrogen, Carlsbad, CA, USA). The primers used were 5 0 -AAAAAAAGATCTGCATTTCGGAGATTCA-3 0 (sense primer for DEC-Fc and DEC-V5His), 5 0 -AAAAAAAGATCTCAGTTCCTTCTCACAGATAGT-3 0 (antisense primer for DEC-Fc), and 5 0 -AAAAAA-CTCGAGCAGTTCCTTCTCACAGATAGT-3 0 (antisense primer for DEC-V5His). Lines under the primer sequences indicate the sites of the restriction enzymes. The obtained plasmids were transfected to HEK 293 and S2 cells, and the stable transfectants were isolated as previously described.
10) DEC-Fc was prepared as a conditioned medium for the stable transfectants of HEK293 cells cultured for 2 d in Dulbecco's modified Eagle's medium with an insulin-transferrin-sodium selenite media supplement (Sigma-Aldrich, St. Louis, MO, USA). DEC-V5His expression and purification were performed as previously described. 10) The binding property of rat dectin-1 was assessed by competitive ELISA. Multi-well plate (96 wells, Nunc, Roskilde, Denmark) was coated overnight at 4 C with 125 mg/L of yeast -glucan (YG; BB-Glucan, Oriental Yeast Co., Tokyo, Japan) dissolved in 1 mol/L of NaOH. The plate was washed three times with phosphatebuffered saline (PBS) containing 0.1% Tween-20 y To whom correspondence should be addressed. Tel/Fax: +81-54-238-5132; E-mail: atmorit@ipc.shizuoka.ac.jp Abbreviations: BG, barley -glucan; YG, yeast -glucan; MG, mushroom -glucan; DEC-Fc, dectin-1 with rabbit IgG Fc; DEC-V5His, dectin-1 with V5 and His tag; HRP, horseradish peroxidase; PBS, phosphate-buffered saline; PBST, phosphate-buffered saline containing 0.1% Tween-20; BW, body weight; BSA, bovine serum albumin (PBST) and then blocked with 1% bovine serum albumin (BSA, Sigma-Aldrich)/PBST for 1 h at 37 C. BG (BBG-70, Adeka Co., Tokyo, Japan), YG, mushroom -glucan (MG; Lentinan, Ajinomoto Pharmaceuticals Co., Tokyo, Japan) and cellulose (Oriental Yeast Co.) were dissolved in PBS to achieve concentrations of 7.5-125 mg/L and mixed with the culture medium containing DEC-Fc or 100 ng of purified DEC-V5His for 16 h at 4 C, before adding to the YG-coated plate. The plate containing DEC protein was incubated for 1.5 h at 37 C. The plate was washed three times and incubated with secondary antibodies for 1 h at 37 C. The following dilutions were used for the secondary antibodies: horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:5,000, Cell Signaling Technology, Beverly, MA, USA) and HRP-conjugated mouse anti-V5 (1:5,000, Invitrogen). The HRP activity was detected by measuring the absorbance at 450 nm after an enzyme reaction using 3,3 0 ,5,5 0 -tetramethylbenzidine as a substrate. The absorbance at 620 nm was used as a reference. All of the -glucan preparations, excepting cellulose, inhibited the binding of both DEC-Fc and DEC-V5His to YG. The calculated 50% inhibitory concentrations (mg/L) of -glucans to respectively bind DEC-Fc and DECV5His were 45:7 AE 2:5 and 419 AE 60 (BG); 235 AE 67 and 15 Â 10 3 AE 3:9 Â 10 3 (MG); and 60:3 AE 5:5 and 28:7 AE 0:6 (YG). The results clearly show that rat dectin-1 had an affinity to BG as demonstrated in the experiment with mouse dectin-1.
11)
We established sandwich ELISA by using the recombinant proteins for quantifying -glucan. A multi-well plate was coated with purified DEC-V5His (1 mg/L) and incubated overnight at 4 C. The plate was then washed three times and blocked with 1% BSA/ PBST for 1 h at 37 C. A -glucan solution (0-4,000 mg of BG or MG/L of PBS) was added, and the plate was incubated for 16 h at 4 C after washing. The unbound sample was removed by washing, and the culture medium containing DEC-Fc was added. Unbound DEC-Fc was removed by washing after incubating for 1 h at 37 C, and HRP-conjugated goat anti-rabbit IgG (1:5,000) was subsequently added and incubated for 1 h. The unbound HRP conjugates were then removed by washing, and the binding of -glucan was determined with the addition of a substrate solution. Sandwich ELISA had a working range of 15-4,000 mg/L of BG and of 15-250 mg/L of MG. The equations of the standard curves produced by sandwich ELISA were Y ¼ 0:0002X þ 0:0221 (r ¼ 0:990, BG) and Y ¼ 0:0014X þ 0:02236 (r ¼ 0:965, MG), where Y is the absorbance of the 450 nm-620 nm, and X is the -glucan concentration (mg/L) (Fig. 1) .
We also examined the ability of sandwich ELISA to detect BG in the presence of rat plasma (Table 1) .
BG was dissolved in the diluted plasma solution with PBS (1:10-80) or PBS as the standard (15-1000 mg of BG/L) and subjected to sandwich ELISA. The BG concentration tended to be reduced in proportion to the increasing ratio of plasma, indicating that certain plasma ingredients interfered with the assay. However, the ELISA absorbance values obtained with the 40-and 80-fold-diluted plasma solutions were the same as those obtained with PBS (standard), and the slopes of the correlation curves were nearly comparable between the 40-and 80-fold-diluted plasma solutions and PBS. It is therefore plausible to conclude that the interference with plasma ingredients had completely disappeared when the plasma sample was diluted by more than 40-fold.
An animal experiment was conducted to chase the plasma BG concentration by sandwich ELISA. Male Wistar rats purchased from Shizuoka Laboratory Animal Center (Shizuoka, Japan) were individually housed in screen-bottomed stainless-steel cages in a room with controlled temperature (23 AE 2 C) and light (lights on from 7:00 to 19:00) under the approval of the Animal Use Committee of Shizuoka University. The rats were acclimatized for 3 d and fed a diet 12) containing 250 g/ kg of casein, 652.5 g/kg of cornstarch and 50 g/kg of corn oil. The remainder of the diet consisted of choline (2.5 g/kg), AIN-76 vitamin mix (10 g/kg) and AIN-76 mineral mix (35 g/kg). The animals were allowed free access to the experimental diet and water. After acclimatizing for 3 d, rats weighing 165-190 g were assigned to 2 groups of 6 rats each based on their body weight, and were injected into the tail vein with PBS containing BG or MG at 1 mg of hexose/kg of body weight (BW). The BG solution was dissolved in PBS and filtered with a 45-nm-pore membrane (Advantec Toyo Co., Tokyo, Japan). Lyophilized powder was 1 The data were derived from triplicate determinations. BG, barley -glucan. 2 The BG solution was prepared only with PBS. 3 The detection limit is defined as the concentration in which ELISA absorbance values showed at least 2-fold greater than standard deviation of the blank.
dissolved in PBS for the MG preparation. The hexose contents of the BG and MG solutions were quantified by using the phenol-sulfuric acid method. 10) Blood samples were collected from the tail vein and centrifuged in heparinized capillary tubes. Plasma was used for measuring -glucan by sandwich ELISA after diluting 40-fold with PBS. Blood samples were taken prior to injection and 1, 2, 3, 6, 12, and 24 h after the -glucan injection. The absorbance of the plasma prior to injection is regarded as unspecific binding, and the plasma -glucan concentrations after injection were calculated from the standard.
The intravenous injection of -glucans produced an immediate rise in plasma concentration (Fig. 2) . The highest plasma -glucan concentrations were 8:3 AE 1:4 mg/L (BG) and 9:3 AE 0:6 mg/L (MG) 1 h after injection. Compared with the plasma concentrations 1 h after injection, approximately 5% of BG was found 24 h after injection, while 30% of MG was found after the same time. Rice et al. 8) have reported that, when fluorescence-labeled fungal and seaweed -glucans were intravenously injected into Sprague-Dawley rats (1 mg/kg of BW), the plasma concentrations ofglucans were 2-10 mg/L 1 h after the intravenous injection. The values in the present study appear to be similar to those in the previous study. Both BG and MG had transient peaks in the respective plasma concentrations 3 h and 6 h after injection, although we do not currently know the precise reason for this. However, it is possible to assume that these -glucans were once phagocytized by reticuloendothelial cells such as macrophages and kupffer cells, and then slowly released back into the systemic circulation. In fact, our previous study has shown the discharge of -glucan from -glucan-phagocytized macrophages. 10) The present study has shown that the plasma BG concentrations were traceable by sandwich ELISA, using recombinant rat dectin-1. In other words, the present results show that BG had affinity to rat dectin-1, suggesting that BG potentially activated such immune cells as macrophages in rats, as has been shown in mice. 13) We propose that this newly established sandwich ELISA method may be a useful tool to investigate immune modulating effects of cerealglucan and whole grain consumption, and that recombinant dectin-1 may be applicable to detect the tissue localization of -glucan. The plasma concentration of each -glucan was measured by sandwich ELISA, following the intravenous injection of barley -glucan (BG) or mushroom -glucan (MG) at 1 mg/kg. Data are expressed as the mean AE SE (n ¼ 6).
